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(54) DATA PREFETCH METHOD FOR MULTIPLE LOOP, PROCESSOR AND PROGRAM 
GENERATING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To shorten an inner-most 
loop length and to convert a program so as to effectively 
perform prefetch even to a multiple loop having the long 
loop length of outside loop. 

SOLUTION: The selection of prefetch object loop is 
performed for the inner- most loop of multiple loop 
(502). Index cluster division is applied to the selected 
loop and it is divided into the first half partial loop and 
the latter half partial loop (504). The prefetch instruction 
of data to be used for the relevant loop itself is inserted 
into the first half partial loop, and the prefetch 
instruction of data to be used for the next prefetch 
object loop is inserted into the latter half partial loop 
(505). Thus, the time of wait due to main memory 
reference can be sufficiently reduced and the execution 
of computer program can be accelerated. 
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SSR i *^*Q J: 9'h£^it-£ti*!yi8 0 6^$ijffll^^i-. 
Ma806-C'ti. 1 0tCL0c0i#e<7D;U-r2r*S#W 
•!.„ atC±K1tl OS^^f-vyya^t'J 1 0 

1 0 tc-f >T7 ^XS^fiJ5:3Sffl LT . 1 ~ ( N- 
a) H]cO^051t^^-r-S»^-ri: (N-a+1 ) ~ 

>7v7Xik&frffllZ. Mtli r M.Wolfe, High Perfor 
mance Compilers For Parallel Computing, Addison-We 
sley, 19% j (,Zft'<t>tlX^Z>gmcr>>l'-y°m.mit&m 
&&m~?tU$ «kv\ Zt>lz. i<7)ffl$r "l" tm\\L. m 
smm.8 0 5t,zfflffl* : &LX. <!K.c7)&PiW)l>-y°<7WM 

[0022] H9(i, HUKTU 7 x y^-^»ASS5 0 
5co5aai6^*-r70-f-r-hT'^>4. 55390 1 
T'<±. *MI*BI»«-4 . 5&39 0 2X'\*. A^-L 1 leg 
l*lfflI;P-r^Hiy^-7-m-^^*a64. 5S39 0 3X' 
it. ■$.#>tz)V-7"W& L 1 A^m-£^^£^x y ^ 

t-ti. . l i tfom-sx-KWiii. 5&3 9 o 4 ^mmi 

&-f. 54390 AX'li. LliO^SSrloIXOaiL. 
l ic:tetrrf&. 4fc. ;w-7"«jtI2asgP5 0 2*^ 
fcr'j7i yf-w^-rm-^ 11*1 otfitttt. 

4fc, 3@Ri* "1" \,z®m\t-fh« ^^z. 

1 OcoSfgSJtc^ffi-fki-S. 5&39 0 5Tii. SSRi** 

QISUifc^ofcjMS^tWeL, =Sro7t«^-{iBuie5Q i 3 

9 0 3 IZMWZ&L , ^^S/U-roasiSrfT* 3 . 

i ^'Qi 0^?V^i^-{i5a39 0 e^fflW*^. 
553906T'(i. 1 0(CL0<7)i#gWU-T^*SStr 
10' CL0«((i mod Q)+ 1 ) #a<7)/l. 

-r * ^w-r 4 . it:. io. owyf-/? xi^ 
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gijgfl 5 0 4 ** 1 0 It -f -y 7 XI^M LT T*& £15 
^S^/W-T^^lftL. 10. 1 tc^gfcfr/t— 7§rfg 

1 0 2^(07 'J 7 x -/f-lcg-f £-+M 7;HSc£^-7° 1 
00 1 ma*: y O^ffllifirlM ?;WfhfcI- 

#SiJ^#**y3SLlIM£13*frt4. 
71 O^r^i^yfWt'JtSX [ i ] teHL 

-riO. 0 (CX [ i +Step < i } * a ] fcStf S^'J 
7x7m*ffAf*. 1 0' <07'J7x7f 

ttft* * U «HY [ j ] dztt LX . 10. 1 V»V-7A 
>T'v7X*ktL. Pi \ 0. 1 ffl$t3#fC0>\r-7°4 > 
7>?>W5fii:U Ok/l^-71 0' cr»V 

-rmfmnitt -f 4 t , f&¥as#/w-7 io. l 

[Start(Y) + (k-/3) D] 1:^797x7^ 
fcifA-^4. icoffi?: "1" tiJoL, ffie^a 

9 0 5 icilOTS:^ bt , iX^ttrtW^-T^MaSr^ 

[0 0 2 3] Ty7x'yf^<9TFPXfra5W»«9a 

-t&zt xvi—y^mnm^nm-thz t 4 . 

1 0 1 C7'J7s 7iHBi£5fil^77£f£t7\ *«07y 
7 x >y f-flttJSRl' i"** * lCfifB« <0«**Stt L . £ 
07° U 7 x y f-JBSBRl' S'** ? fcttHW" 4 7° >J 7 x y f- 

Sftf. ilOC, 7 0 U7x-yf-fflS£3Sl^^^2:ffiffl^' 
i>7°y7x-yf-^0— CTSr^-T. GRnli, flUBl^' 
7^^^LT^4. PFRnll 7'J7i7fffl 

fflU yu-7 c ^r4'^^^^7-fe-y Hcovvrttru 
7x7 J-mm&l- y^PFRn^U /l—7*hr 
^z^^-xmZ'OX vC liiflJB Ix^'X^GRnSrti 

7.^iStSritt^t^r<. 7'J7x7f^ff^a7n^7 

r n fcfgtftSivfcfc 7'J7x7 ■f-JBJSSBV' 

ij7x y-f-fflS£3S^^*7.^PFRn iOafflW^'T-^G 
R n^ttSr 3 h'--r 4iw4re$>4 . 

[ o o 2 4 ] mz. #ss8j!<D7*y 7x7 f-^cojifflw 

ftfll/U— 73 0 1. 3 0 2$- ko^fi/U— 7lC*f LT* 
%BBco7-'J7x-y^*ft5rjiffltfcWI-CS>S. 03cO 
(a)li7'j7x7 f-*M*# A »7o ^ 7 AtJ, *) . 12 

3co(b)(±r y 7 x y f-^tf K^coyu^-jJ^X'h 

<K<7)X^rvTl~- 7.77751::,* 0. H3<D(a><7) 



7'a ^5 i»^f>ia 3 (75 ( b ) «07°O ^7^.*^# ^iX^ . 
Xf771 : 7'J 7x •y^ML(0&[Hm)^-yt LX)V 
-7*3 0 1 £^-7*3 0 2£jMiR-t4. 
77772 : 7'j7i7f*tf«ftl*li»V-73 0 1 fc 
3 0 2C**L/C, 4 >'r-y^7.m^S l JS:®ffli"4. 
Xf773 : /P-73 0 1 £#fJ LX&JtLlrlZ&WSto 

fr-nz s ;i^-7 3 0 1 tern 7° y 7 x 7 f^ti* 

A-f4„ mmiz^ ^-73 0 2£#MLT£j£L*:hij¥ 
>U-73 0 2fc*M-67 , y 7 x v-r^M* 

?:#A-r4 . 

Xf774 : ;l^-73 0 1 *4MLX&Sti.Lt:1&mft 

)V -y[Z . ;P-7° 3 0 2 fctt-T 4 7'j7x y 

A-f*. ^-r3 0 2^^8iJUT±fi£L/if^ 

sp^w-r , 9m)v-~?<n&m <ou o 51 l -c<^;i^- 7 0 

3 0 1 \Ztt-$hT') 7 x •yf-^«r*f A^4 „ 
7.-f-y7°5 : ^MHI/V- 7(Olit, ^^V-zr<DmH<r> 
Me 0 jS t TvU— 7° 3 0 1 ifi&tim a |Uco;U- 7°^ 0 L 
*C'#SS-f 4 t— ^ tf)7* y 7 x -y f - $r#A^ 4 . 
[0025] >V-73 03(i. e^DiOyUffl^-T^IOii 
LT7C«0;t— 7° 3 0 1 CO 1 ~a 0O^t'1sgffli" 4^— 
^7^7x7^5:^3 )l>-TXb 0 . ±IEX-f 7 7 
5TlfA^ix4„ ^-7*3 0 4ti. 7cco;u-T3 0 1<?) 
1~ ( N— a ) @^*3St nmz ( a + 1 ) ~N0<y)« 
ffT'fiBffl-f Sf-^i7'j7x7ftl>^- 7T* 0 . 
±ie7.x-y7-3-C-ifA$n4. ;P-73 0 5i±. jt<r»V 
-73 0 ICO (N-a + 1 ) ~N0<y5^*t|5l^-. 7t 
cr»\,-7 3 0 2 COStt^ l— a HlO^Tffiffl-t 4 T r — 
?&7"V 7 x .y f-r4^-7°T3b 0 » ±127.7 774 T 
JfA$n4. /P-73 0 614. 7C(7)/W-7-3 0 1<0/W- 
7*ft#« J: yffiV^tc;W-73 0 2X'im-$-Zrr—? 
«7ij7x 7ft^-7*3 0 l^fH^2:PlB$^tT : ^3/l' 
-7t* y . ±IS77 774 T» A$tL4 ( 
15^^-7*^ <. f^^^-7-7i(t* i J>4 ) . 
;l^-73 0 7ii. 7n<7);l/-73 0 2^ft ; &]«0 1~ (N- 
a ) HKOjgfiCfcH^ffc (« + 1 ) —NSO^fifTffiffl-t 
S r- ^ Sr 7 'J 7 x -y f-f 4 )V~TXh 0 . ±127.^ 7 
73t1fA$ix4. ;U-73 0 8(4. tcO;U-73 0 2 
CO ( N - a + 1 ) ~N @c7)i1?»C0|^i: l§|B#^Hi;U- 
7^0^^ y jE L WP-7 3 0 1 <0 1 ~ a 

t-ffiffl-r 4 f-^^7!J7x7 f-t4;w-7t-* y „ ± 

1277 7 74 TlfA$tL4. ;U-73 0 9(4. 7€(0)U~ 
73 0 2tf)^r«*«o i y®V^^-73 0 1 T 
ftffl-T 4 7— 9 <07 'J 7 x 7 f - i: /W-7 3 0 2 

w&z'nti: o )v-rx'b o . ±iex7 774 xmxzti 

[0026] H4{4, ^ft;i^-7°<y)^lc 3 5:^'®T$>4W 

^i/h-7t*%W)7 y 7 x 7 j-um&mm ttzmx- 

fc4. 04<7)(a){47 o y7x7^-^*fA1u^7a^"7 
^T'$> y s H4 <7)( b ) 147 'J 7 x y ^-^tf Afi^7 , 0 
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7t* o ig Lcogflfsni^-r-eteffl-rftf-'- * or y y x 
TB'om Lx-Ttrnv—yA o i cos^ct) i ^am&mn 

X-mm-th x- ^07'J7i -yf-SrfT&d Ar-TVk 
ft. ^-74 0 3(i. 7nc7)^-r 4 0 1 CO 1 — (N- 
s a ) 0<7)?llflrt|S)B*tC ( a+ 1 ) ~N0«O?HmT^ffl-r 

.414. 7C£7)^-T4 01cO(N-« + l) — NIUcD?^ 
fclHB#tc^Hi;P-7^0jiLco;P-r4 0 lcogfcjco 

i~« iu^iifl:-r'«ffl-ri»T-^cori» 7x -y^-^^ 

0)V-7°X'hh. 1V-74 0 5(4. ^-7*4 0 1 <T»V— 

9\-m>\'-mvMLX')v--r4 o 1 timm-th^f-to 

7U7i7f5: *t=S: ? )V—TX'h ft . 
[00 27] JiLhO^a. H2cO(a)(^-rJ:a^. ft 

*cor y 7 x -y ^-^ft-ct4»:^ffll^-rmii6«ftcr y 7 

^fccOfcttLT. 02co(b)tc^i-J:atc. *^BJco^ 
l;l/-7|6lttf-^r'j7x -yf-^raTJdt, -f ^T-'-y 9 

-7*t» 0 51 tT#Bg-f hiF—fayr y 7 x -y f-^^ro 

<) . 

[00 28] 

lu^^-7CSLtt, 7'j7x7f^Cff3 
4 ? C7D/5Aj»|tl ft/i#>, ±ieit#^4 ft 

*fc*ni*-HHctSiH-4 £ t **t-£ . £*uc4 

b'x-^7-o^5AcO||ff^«a-fb-C# ft. 
[HiB<0«J|l=firaW] 

[01 ] *^<7)»l--7-(6l(t7 r -^7-y7x-y^-* 

[02] many y 7 x -y -f-^rffi t *»w>^fi/P-r 

fattr - ^ 7° y 7 x -y f-^c7)it!BciSHfl0T'^ ft . 

[03] ^;P-7-<7)M«tcJ>ft1S^cy)«rt»P-7 0 ^ 

to^a^-rc** Lx^zmny y 7 x -y f-^^ ss 



fflL£CT<otjiBJ!0-e$>ft. 

[04 ] ?g^«/W-7 , tC*fLr*fgBB<?3ry 7x7f* 
jSS-iSfflL ^<?"JcOiMBJ0T*> ft . 

ti5]3y^7' ra^AtfOggCt-fcft^S/P- 
riW^TU 7x y*tf-fr»A«Ul»5 0 1 <7>fgj£0-t'$> 

ft. 

[06 ] ;U-7l»&Ig!8&o^iW£^-7n-^--Y 
-hT'£>ft. 

[07] 7V7^-7^4V^-y?X^W,<7)mmft* 
jjk-t 7 D - f-V — h T h ft . 

[08] -<^7 f y^^*^S'ja5<0«raiW^^-r7n 

[ 0 9 ] 7° y 7 x y +4rtlW A&CDWmMftZ*-? 7 a 
-f-v-hT'&ft. 
[ 0 1 0 ] 7° 'J 7 x y ^-^COSiBJ0T'* ft . 

[01 1] Toy^ y^-mm&u^x^^f-^K.m 
$}^t(omtymx'fc&. 

[012] 7°y7x y^fflte3glx^X^*^C7)x-^lK 
jH^Oi^Bfl0T'*>ft. 

[013] ft*cor y 7 x -y ^*£CDaffl0!l<DfBBJl!2-C' 
J)ft . 

100 3yfi-?yXfA 

101 7>f;D7D-fe7t 

102 ^ffyyx^^'J 
1 0 3 ±15-11 

104 f-<X^gf 

3 0 1, 3 0 2 7V5W& 

^^ftgrtfflO/w-r 

3 04, 307 M^SP^-7- 
305, 306, 308, 309 WP&ft/b—T* 

401 m^Mfu-y 

4 0 3 ff^^/l— 7° 

4 04, 405 m^Bfri—y" 

5 o i $-n>u-y\ft (tr y 7 x y f^MMf 

502 )u-y&mmu 

50 3 7 , j7x7f-fyf7y , XM^ 
5 0 4 ^f'y 7 ^*^fJgS 

5 0 5 7- 'J 7 x y ASP 



II 0] 



10 



[01 1 ] 



11 



[012] 
S 12 



prefetch GRn, PFRn 



niove_to_pfr PFRn, GRn 



move_f rom_pf r GRn, PFRn 
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[01 ] 
m i 



loo 

101 



1 




[H2] 

S 2 



prefetch 



/ , 



r_vo 

E5T " "I l 



5o 



[04] 
KM 




DO J=I,M 

DO 1=1 ,N 

xni« = Ymn] 

END DO 
END DO 



} 



401 



} 



402 



DO I- 1, a 
PREFETCH XI IIP] 
PREFETCH Y[1JII] 
END DO 
DO J=1,M 
IFN > a THEN 
DOI=l,N-ar 
PREFETCH XUW+or) 
PREFETCH YU]fl+ * 1 
X[Jinj = Y[JlD] 
END DO 
D01=N-*+l.N 
PREFETCH XU>I J0-N+ 
PREFETCH YD ♦ 1 M-N+ 

xDim^YtDm 

END DO 
ELSE 
DO 1=1 .N 
PREFETCH Xn+lHl) 

PC^ FETCH YtrHsni 
XDHH*YUlir] 
END DO 
END IF 
END DO 

It ft: 5 * ? L ? 




(9) 



nm^l 0-2 9369 



[03] 



[06] 



me 



DO J=1,M 
DO]=l,N 

V[J]|I] = WIJ][H 
END DO 
DO l»l,N 

xmm-YtJun 

END DO 
END DO 



301 



302 



} 



DO 1=1, a 
PREFETCH V[1][I] 
PREFETCH W[l)Cn 
END DO 
DOJ-1.M 
IF Nv* THEN 
DO 1-l.N-er 
PREFETCH V[JUI +e »] 
PREFETCH WUJU+* | 
VUJ[I]=W[J][]] 
END DO 
DOI=N-«+l,N 
PREFETCH xmri-Ni-a] 
PREFETCH Y[JJP-N* a ] 
V[J)[I]=W[J]p] 
END DO 
ELSE 
DOI«l,N 
PREFETCH XU][1-N+ a ] 
PREFETCH Y[J][I-N+ a ) 
V(J]in=Wp][]) 
END DO 
END IF 
lFN>ar THEN 
D01=I.N-a 
PREFETCH X[J][I+ a ] 
PREFETCH Y[J][1+ a ] 
X[Jjm=Y[J][H 
END DO 
DOI=N-or+I.N 
PREFETCH V[J+ 1]|I-N+ a ) 
PREFETCH WU+ l][l-N+ a ] 
X[JKn = Y(J)fIl 
END DO 
ELSE 
DO 1=1, N 
PREFETCH V[|+ l](I-N+ a ] 
PREFETCH W|J+l][l-N+i» J 

x[))m = y\n\}} 

END DO 
END IF 
END DO 

0>)£«;u- 7izti+ & zr*j 7i v?" 



303 



304 



305 



306 



307 



308 



309 



START 




.602 



603 



ll = Li J:»JW**to 
s= #; 




60S 



NO 



S = S U |J0) 



.606 



.607 



7 , 



END 



.608 



.609 



.610 
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506 



[05] 
i5 



Z 1 ' 



502 



/ 



Z 1 



\ 



\ 



i 



p 
< 



1 



503 



507 



508 



04 



509 



505 



YES 



[H7] 

mi 








703 




10=L0(Di#e(D;l'-^ 
IO'=LO<7>(i mod QH1# B 



END 



J 
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[08] 

08 



C09] 

129 



£_ 



START 

~T~ 




YES 



ll=Li^63ait]0 
Q=LO<DZ*33t; 




i-i+l; I i 



J 



: 
1 
| 




^4 


t 


END 


i 

! 



£, 

START 





DS10 t»*<7> 

SUA: ; 
i-i+l; ! 



END 



v^ 7 
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[HI 3] 

m 13 



DO J=1,M 
DO 1=1,N 

DOJ-KM ^ PREFETCH XP1P+ 

DO |=1 N 1 PREFETCH Y[J][I+ 

X[J]l!] = YtJllH Y 201 X[1][U-YIJ][I] 
END DO j EN 0 00 



«1 I 
a] J 



END DO END DO 



DOJ-1.M 
DO 

PREFETCH X[J] [I] }- 203 

PREFETCH Y[J)[I] 
END DO 
DOI=l,N-<* 

PREFETCH X[J][U<*] V 2m 

PREFETCH YtJ)H+ « ] 

xmn] = YiJin] 

END DO 

DOI=N tf+KN Y 205 

END DO 
END DO 



} 



